Regeneration of Airy pulses in fiber-optic links with dispersion
  management of the two leading dispersion terms of opposite signs by Driben, R. & Meier, T.
Regeneration of Airy pulses in fiber-optic links with dispersion management of the
two leading dispersion terms of opposite signs
R. Driben1 and T. Meier1
1Department of Physics and CeOPP, University of Paderborn,
Warburger Str. 100, D-33098 Paderborn, Germany
(Dated: October 3, 2018)
Dispersion management of periodically alternating fiber sections with opposite signs of two leading
dispersion terms is applied for the regeneration of self-accelerating truncated Airy pulses. It is
demonstrated that for such a dispersion management scheme, the direction of the acceleration of
the pulse is reversed twice within each period. In this scheme the system features light hot spots
in the center of each fiber section, where the energy of the light pulse is tightly focused in a short
temporal slot. Comprehensive numerical studies demonstrate a long lasting propagation also under
the influence of a strong fiber Kerr nonlinearity.
PACS numbers: 42.25.Bs, 42.65.-k, 42.81.Dp
I. INTRODUCTION
In recent years the interest in fascinating self-
accelerating Airy light waves has increased significantly
due to their unusual fundamental properties and their
application potential [1–6]. While other types of waves
such as nonlinear solitary waves may experience an ac-
celeration (central frequency shift) as a result of interac-
tion with other waves [7], the acceleration of Airy light
waves is its inherent property. The Airy beams have a
multi-peak shape and propagate along bending trajec-
tories. Airy pulses [8–14] - counterparts of spatial Airy
beams - propagate with their acceleration resulting from
a varying group velocity. Studies of multi-dimensional
spatio-temporal Airy light bullets were also presented
[12, 15]. Applications of Airy waves include plasmonic
routing [16], particle cleaning [17], and supercontinuum
generation [11]. Recently, the observation of electron
Airy beam has also been reported [18].
The dynamics of truncated Airy pulses launched into
a fiber close to its zero-dispersion point under the action
of second- and third-order dispersion (TOD) has been in-
vestigated [19-21]. It was demonstrated that, additional
TOD of the same sign that its second order counterpart
leads to variations in curvature of trajectory [19]. On the
other hand, when the pulse dynamics is governed by the
TOD of an opposite sign to the second-order dispersion
(SOD) term, the Airy pulse reaches the tight-focusing
point, then undergoes an inversion, and finally contin-
ues to propagate with an opposite acceleration [20]. At
the focal point, the pulse is concentrated in a very nar-
row and intense light spot (hot spot). Under the action
of SOD and TOD with comparable strengths, the focal
point extends into a finite area, from which the pulse re-
emerges with its acceleration reversed [20]. Interestingly,
reversing the acceleration of Airy waves in spatial do-
main was recently demonstrated by applying nonlinear
three wave mixing process in an asymmetrically-poled
nonlinear photonic crystal [22].
It was found that the linear propagation of the trun-
cated Airy wave, which is suitable for a practical real-
ization, in a fiber with SOD leads to a final diversion of
the wave [8]. Very recently a scheme based on dispersion
management (DM) [23] was proposed for the increase of
Airy pulse longevity [24]. TOD of the same sign as SOD
was also taken into account. In general, any initial field
distribution can be recovered using the DM method and
limitations start to rise only in nonlinear regime.
Here, we analyze and compare possibilities to regen-
erate truncated Airy pulses by the application of a DM
scheme consisting of alternating fiber sections with oppo-
site signs of the second order dispersion term similar to
[24] with the regeneration possibilities in the new scheme
with alternation of the both two leading dispersion terms.
In the scheme with the alternation of both the second and
the third dispersion terms it will be demonstrated that
the acceleration of the Airy pulse will experience multiple
reversals which are accompanied by the creation of mul-
tiple hot spots in a course of the propagation in the dis-
persion managed fiber link. The later scheme will reveal
a long lasting propagation with multiple tight light con-
centration hot spots in a course of the propagation. This
regime of a tight pulse compression persists in a presence
of strong fiber Kerr nonlinearity and provides a possibil-
ity to describe the system performance in a quantitative
way as a function of the injected light peak power.
II. THE MODEL
The evolution of truncated Airy pulses in lossless fiber
links with alternating signs of SOD and TOD of opposite
signs is considered. The evolution is governed by the
normalized nonlinear Schrodinger equation:
iφξ + (−1)n(1/2)φTT + (−1)n+1(i/6)εφTTT + |φ|2φ = 0
(1)
An odd integer index-n represents sections with negative
SOD and positive TOD, while an even integer index-n
stands for fiber sections with positive SOD and negative
TOD. The normalized distance is given by ξ = z|β2|/T 20
and the relative TOD strength by the in our scheme al-
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2ways negative parameter ε = β3/(β2T0), where β2 and
β3 are the second- and third-order dispersion parameters
of the fiber sections, and T0 is the pulse width. The Kerr
nonlinearity is represented by the last term.
In general the SOD parameter can be very small if
one operates near the zero dispersion point of a fiber.
In case of a very steep slope of the dispersion a relative
TOD-SOD parameter - ε can take large values. Strictly
speaking a generalized Nonlinear Schroedinger equation
[25] including the Raman and shock terms would describe
the model more precisely in such cases. Still the Raman
term maybe excluded in fibers such as hollow core pho-
tonic crystal fibers filled with Raman inactive gas [26]
and the shock term doesn’t change the system behavior
in a significant manner as direct numerical simulations
including this term demonstrated.
III. DYNAMICS IN QUASI-LINEAR REGIME
In case of the negligible TOD parameter (for example
for pulses with long duration) the third term in Eq. (1)
can be dropped and a classical DM scheme with com-
pensation of only the SOD applies. An example for the
application of dense DM scheme [27] to the Airy pulse
is presented in Fig. 1(a) for 5 representative scheme
periods with fibers connections of ξ = 4. We can see
that the pulse shape is periodically recovered during the
propagation. For shorter pulses usually the role of TOD
increases and we have to take into account its influence
on the dynamics of Airy pulses [19-21, 24]. In practice,
if we make fiber connections too frequent, losses associ-
ated with these connections will play a stronger role. On
the other hand if we connect compensating section too
far from the preceding one, the pulse will exceed its ini-
tial temporal slot. We chose an optimal regime for the
system performance to preserve the original pulse width
working with each fiber section’s length:
L = 2/ε (2)
and thus one period of DM scheme is 2L. Practically, an
Airy pulse can be produced by adding a cubic phase to
the spectrum of a simple Gaussian i.e., the input for the
Eq. (1) will be ϕ0(ω) = exp(−αω2 + iω3/3) with α > 0.
In the low power propagation regime, the nonlinear term
in Eq. (1) can be dropped and the input in frequency
representation can be substituted into Eq. (3), that is
transformed Eq. (1).
ψξ = (i/2)sgn(β2)ω
2ψ + (1/6)εω3ψ (3)
After the inverse Fourier transform the analytic solution
for the pulse evolution in odd and even fiber links reads:
|ϕ(ξ′, T )|2 = 2piθ2/3|Ai[θ1/3(T − 0.25θξ′2+
+α2θ + iαθξ′)]|2exp(2αθT + 4
3
α3θ2 − θ2αξ′2), (4)
for odd fiber sections with ξ′ = ξ − 2nL,
|ϕ(ξ′′, T )|2 = 2piθ2/3|Ai[−θ1/3(T − 0.25θξ′′2+
+α2θ − iαθξ′′)]|2 exp(−2αθT − 4
3
α3θ2 + θ2αξ′′2), (5)
for compensating even fiber sections with ξ′′ = ξ− (2n+
1)L. The parameter θ is given by θ = 1/(0.5εξ + 1). In
the center of each of the fiber sections with 0.5εξ = 1,
the pulse reaches its most compressed state and the pulse
profile is Gaussian and given by [20]:
|ϕ(T )|2 = 1
2
√
α2 + 1/ε2
exp(− T
2
2α+ 2/(αε2)
) (6)
The given analytic solutions were compared to the re-
sults of direct numerical simulations of Eq. (1) and a
complete agreement was found. The pulses are launched
as [8]:
ϕ0 = AAi(T ) exp(αT ) (7)
with the truncation parameter α > 0. Fig. 1(b) demon-
strates the evolution of low power Airy pulses with am-
plitude A = 0.1 for the case of joint action of SOD and
TOD of equal strengths. In this regime, near the middle
of each section of the link the Airy pulse reaches a finite
area of recombination and afterwards experiences an ac-
celeration reversal. The size of the area depends on the
relative strength of the SOD and TOD coefficients.
Next, we consider the dynamics of the low peak power
Airy pulses under the dominant action of TOD over SOD
which is relevant when pulses are launched very close to
the zero dispersion point of the fiber (Fig. 1(c)). In
the regime of TOD domination the recombination area
converges into a very short temporal slot, featuring hot
spots with tight focusing in the time domain with all the
pulse’s energy concentrated in it. As we can see the DM
scheme provides a successful restoration of Airy pulses in
low power regime that in practice is only limited by the
fiber’s attenuation.
IV. DYNAMICS IN THE STRONGLY
NONLINEAR REGIME.
Launching pulses in the high-power strongly nonlinear
regime leads to some deterioration of the system perfor-
mance while the main effects remain qualitatively valid.
Fig.2 (a,b) demonstrates distortion with propagated dis-
tance of the Airy pulse launched in fiber link as in Fig. 1,
but with an amplitude A=3 (30 times higher than in case
of Fig. 1(a,b)). Fig.2 (a) demonstrates the distorted dy-
namics in nonlinear regime using the regular DM scheme
with the compensation of SOD only, while the Fig.2 (b)
demonstrates the same pulse evolution in a scheme with
management of both SOD and TOD.
One can reduce the negative effect of nonlinearity,
choosing the central wavelength of the pulse to be near
3FIG. 1: (Color online)(a) The dynamics of Airy pulse in the
quasi-linear regime in a DM with alternation of SOD only
( = 0). (b) The dynamics of Airy pulses in 5 periods of
the DM scheme under the action of equal strength SOD and
TOD, with  = −1 in Eq. (1). (c) The dynamics under the
action of strongly dominant of TOD with  = −1000. Here
and below, all results are presented in normalized units. Here
and in the next figure the absolute value of field is shown
instead of the intensity for better visibility of the low power
regions of the pulse.
the zero dispersion point of the fiber, which means work-
ing with a high parameter - . Fig. 2(c) demonstrates
such a dynamics in highly nonlinear regime of Airy pulse
in fiber link with  = −1000 as in Fig. 1(c) with an ampli-
tude A=10, that is 100 times higher than that pertaining
to Fig. 1(c). It is shown, that the pulse successfully prop-
agates 5 DM periods only with some partial deformation.
For such a fiber link with pronounced dominance of
TOD one can estimate the dependence of system perfor-
mance deterioration on nonlinearity effect by studying
the pulse’s intensity enhancement deterioration with the
distance for inputs with various amplitudes. This can
be best observed at the focal points, where the pulse be-
FIG. 2: (Color online) The dynamics of Airy pulses in the
strongly nonlinear regime with the amplitude A=3. (a)The
dynamics for 5 periods of the DM scheme based only on SOD
compensation (b) for 5 periods of the DM scheme under the
equal action of SOD and TOD with  = −1. (c) for 20 periods
of the DM scheme under the dominance of TOD with  =
−1000 and the amplitude A=10.
comes mostly compressed. Fig. 3 demonstrates evolution
of the peak intensity of Airy pulse with amplitude A=1
(a) and A=2 (b) and with the truncation α = 0.001 in
fiber link with 40 DM periods with  = −100. One can
clearly see from Fig. 4, that 80 light hot spots are created
within the propagation of the 40 DM periods. For the
case of A=1 presented in Fig. 3(a) the peak power ratio
between its value at the focal points and at the input is
partially reduced from 37.25 to 17.67 in a course of propa-
gation of the 40 DM periods. In case of stronger influence
of nonlinearity further degradation of pulse compression
and power enhancement at focal po ints is expected. Fig.
3(b) reveals the much faster decrease in peak power en-
hancement for the input amplitude A=2 within first 15
DM periods up to the propagated distance about ξ = 1.2.
Further the decrease becomes less dramatic featuring os-
cillating behavior. Launching even more intensive pulses
may also lead to solitons shedding out of the Airy pulse
4FIG. 3: (Color online) Evolution of the peak power of the
Airy pulse in the strongly nonlinear regime for 40 periods
of the DM scheme under the dominant action of TOD with
 = −100 and an amplitude of A=1 in (a) and of A=2 in (b).
structure [20, 28]. Fig. 4(a) demonstrates the deteriora-
tion of the peak power enhancement with each of the 20
propagated DM periods with  = −100. The two cases
of dynamics with the injected amplitudes A=1, 2, corre-
sponding to Fig. 3, are represented by the blue and red
curves respectively. Also additional cases of lower ampli-
tude A=0.5 (the green curve) and higher amplitude A=5
(the black curve) are demonstrated.
One can achieve a significant improvement in the sys-
tem performance working even closer to the zero disper-
sion point of the fiber with the larger value of e. Fig. 4(b)
demonstrates such an improvement for the same pulses
dynamics as in Fig. 4(a), but with the increased value of
the relative TOD strength parameter-  = −1000.
The cases with the injected amplitudes A=0.5, 1, 2 al-
most overlap demonstrating small degradation. The case
with a very large amplitude A=5 demonstrates signifi-
cant decrease in the pulse’s peak power enhancement of
about 45 percents, after the propagation of 20 DM pe-
riods, which is still much better than its counterpart in
Fig. 4(a) representing 74% performance deterioration.
V. CONCLUSION
We have demonstrated a method for the regeneration
of truncated self-accelerating Airy pulses in fiber links
using the famous dispersion management technique in
which fiber sections with opposite signs of second and
third order dispersion parameters are periodically alter-
nating. In the low-power linear regime robust propaga-
tion of Airy pulses is limited only by fiber losses and the
dynamics of these pulses is fully described analytically.
FIG. 4: (Color online) Reduction of the peak power enhance-
ment in nonlinear propagation regimes with various pulse’s
peak intensities for 20 periods of the DM scheme under
the dominant action of TOD with  = −100 (a) and with
 = −1000 (b). The green, blue, red and black curves stand
for the cases with A=0.5, 1, 2, and 5 respectively.
Comprehensive numerical studies demonstrate the qual-
itative validity of the main regeneration effect with good
pulse shape maintenance also in the nonlinear regime.
The system performance in the presence of strong nonlin-
ear effect can be further optimized by launching the input
closer to the zero dispersion point of fibers which corre-
sponds to increasing the relative strength of the third
order dispersion.
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